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INTRODUCTION
Amblyomma americanum (the lone star tick) serves
as a vector for several human pathogens, including
the aetiologic agent of human monocytic ehrlich-
iosis, Ehrlichia chaffeensis. The agent is passed
transtadially in A. americanum, but not transovar-
ially. Molecular bloodmeal analysis is a useful tool
in the studies of vector and pathogen ecology.
Questing nymphs can be collected and tested for
the presence of both larval blood meal and E.
chaffeensis by PCR. If the acquisition of the patho-
gen occurred during larval feeding, identiﬁcation
of the host bloodmeal in an unfed, infected nymph
would identify a likely vertebrate reservoir of E.
chaffeensis. Similar methodologies have been used
to study vertebrate reservoirs of Lyme disease [1].
Amblyomma americanum feeds on awide range of
vertebratehosts, includingruminants.White-tailed
deer can be naturally infected with E. chaffeensis,
and have been shown to experimentally transmit
the pathogen to feeding A. americanum [2].
While these factors suggest that white-tailed deer
may serve as a reservoir species for E. chaffeensis,
directevidence throughbloodmealanalysishasnot
been presented. Domestic goats, domestic cattle,
anddomestic sheepmayalsohostA. americanum [3]
and have the potential to serve as E. chaffeensis
reservoirs. A ruminant-speciﬁc blood meal identi-
ﬁcation assay was developed to assess the role of
ruminants in E. chaffeensis ecology.
METHODS
A nested PCR protocol was developed to identify residual
blood meal in ticks fed on four common ruminant hosts of
A. americanum: white-tailed deer (Odocoileus virginianus),
domestic cattle (Bos taurus), domestic sheep (Ovis aries), and
domestic goats (Capra hircus).
Universal primers MCB398 (5¢- TACCATGAGGACAA-
ATATCATTCTG -3¢) and MCB 869 (5¢- CCTCCTAGTTT-
GTTAGGGATTGATCG -3¢) [4] were used to amplify cyto-
chrome b from both A. americanum and vertebrate hosts in the
ﬁrst round of PCR. The nested round of PCR utilised primers
speciﬁcally designed for this study,WTDCYTO1 (5¢- TCGGCA-
CAAATCTAGTCGAATGAATC -3¢) and WTDCYTO2 (5¢- TG-
GGGTATAATTGTCTGGTCTCCG -3¢), to amplify cytochrome
b from ruminant residual blood meal DNA only.
Primers were evaluated on spiked samples. Samples con-
sisted of A. americanumDNA (extracted from a pool of 20 unfed
larvae) and a dilution series of white-tailed deer DNA. Gel
electrophoresis revealed positive ampliﬁcation of a 308 bp
white-tailed deer cytochrome b PCRproduct from ampliﬁcation
of 2 lL of samples with deer DNA dilutions as low as 10)4. A
separate 471 bp band of A. americanum cytochrome b DNA
ampliﬁed during the primary reactionwas also visible in the gel
and served as a control for ampliﬁable DNA. Cytochrome b
DNA was successfully ampliﬁed from domestic sheep, domes-
tic cattle and domestic goat positive control samples.
Nymphal ticks were not available, so archived DNA
extracts from 206 questing adult A. americanum collected from
north-central Florida in 1998 and 2000 were tested to evaluate
this assay. Ampliﬁed host DNA from secondary PCR products
were sequenced and compared with GenBank entries to
identify the nymphal blood meal.
These DNA extracts were also tested for E. chaffeensis
using the variable length PCR target (VLPT) as described by
Sumner et al. [5] to establish pathogen infection status.
Primary round primers were FB5A (5¢- GTGACATCTTAGTT-
TAATAGAAC -3¢) and FB3A (5¢- AAGACTGAAACGTTA-
TAGAG -3¢). Secondary round primers were FB5C (5¢- GTT-
GATCATGTACCTGTGTG -3¢) and FB3 (5¢- GCCTAATTCA-
GATAAACTAAC -3¢).
RESULTS
In total, 9.1% of the ticks tested for the VLPT of
E. chaffeensis were positive (n = 607); 13.6% of the
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ticks collected in 1998 were positive (n = 323),
compared with 3.2% in 2000 (n = 284). The
cytochrome b assay detected ruminant DNA in
six (2.9%) out of the 206 ticks tested; 2.5% of the
ticks collected in 1998 were positive for ruminant
blood meal (n = 122), while 3.6% (n = 84) were
positive from the 2000 samples. None of the
E. chaffeensis positive ticks tested positive for
ruminant blood meal. All identiﬁed blood meals
were from domestic cattle, and no non-ruminant
DNA was detected with this assay.
DISCUSSION
Cytochrome b was selected as the target gene
because of its previous use in blood meal iden-
tiﬁcation assays [1] and its utility in developing
mammalian phylogenies. Domestic cattle pro-
vided the only successfully identiﬁed blood
meals, but account for only 2.9% of the sample.
The detection limits of the assay have not been
evaluated with ticks fed on known hosts and
sampled at various intervals post-moult. These
studies are underway in our laboratory. It is
possible that other ruminant blood meals could
have been present in the samples, but were
undetected because of digestion-related degrada-
tion of the residual DNA.
At the limits of this assay, none of the
E. chaffeensis positive adult ticks tested appeared
to have fed on ruminant hosts during the nymphal
stage. Regardless, the pathogen may have been
acquired during the larval feeding, in which
case the larval blood meal would probably be
undetectable.
In addition to further validation of the assay,
future research efforts to collect nymphal ticks
will allow assessment of the larval blood meal.
Additional primers will be designed to detect
other potential E. chaffeensis reservoirs such as
medium sized mammals. We plan to utilise
reverse line blotting, a technique that has been
successfully used in other blood meal identiﬁca-
tion assays, to increase the assay sensitivity and
identify a greater diversity of species.
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Fig. 1. Gel electrophoresis of spiked positive control
samples ampliﬁed with cytochrome b nested protocol.
Marker, FX ⁄HAE III; lane 1, negative control; lane 2, white-
tailed deer DNA; lane 3, unfed A. americanum larvae; lanes
4–9, unfed A. americanum larvae with deer DNA dilutions
100, 10)1, 10)2, 10)3, 10)4 and 10)5.
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